In this paper, we have introduced an algebraic technique to Bio Nano-molecules (Porphyrins & Fullerenes) family to determine the Vibrational spectra. An algebraic model of vibrations of polyatomic BioNano-molecules and present, as an example, the vibrational analysis of stretching modes of Nickel Octaethyl Porphyrin (Ni(OEP)), its Isotopomers and bionano molecules. The algebraic technique obtained the results are compared with experimental data; the results are showing good accuracy. Some reassignments of energy levels and predicts location of states not yet observed.
Introduction
For the last few years, theoretical studies of highly excited vibrational states of polyatomic molecules have been one of the most interesting topics for theoreticians and experimentalists because of the development of new laser spectroscopic techniques. The measurements of highly-excited overtone-combination spectra of molecules have renewed in a theoretical description and understanding of the observed spectral properties. Two approaches have mostly been used so far in an analysis of experimental data: (1) the familiar Dunham like expansion of energy levels in terms of rotations-vibrations quantum numbers and (2) the solution of Schrodinger equation with potentials obtained either by appropriately modifying ab-initio calculations or by more phenomenological methods. In this article, we begin a systematic analysis of overtone-combination spectra and intensities of molecules in terms of novel approach: (3) Vibron model [1] [2] [3] [4] . This model is a formulation of the molecular spectral problem in terms of elements of Lie algebra and it contains the same physical information of the Dunham and potential approach.
However, by making use of the powerful methods of group theory, one is able to obtain the desired results in a much faster and straightforward way. In recent years, these polyatomic bio-molecules (i.e Metalloporphrins) have numerous importance in the field of Chemical Physics. In case of polyatomic bio-molecules the parameters plays major role in the Vibron model. Of course, we have explicitly described with fewer parameters, the vibrational bands of the triatomic linear molecules HCN, OCS [5] and tetratomic molecules HCCF, HCCD by using an algebraic approach [6] . We have also reported the vibrational bands of tetrahedral molecules CCl 4 , SnBr 4 [7] and polyatomic bio-molecules Nickel Octaethyl porphyrin, Nickel porphyrin molecules using U (2) Vibron model respectively [8] . The advantage of the algebraic approach, as compared to that of Dunham or phonological potential models, is that typically it requires fewer parameters to obtain the same level of accuracy. It also provides a simultaneous description of bending and stretching modes.
We consider in this paper the vibrational modes of polyatomic Bio Molecules i.e Metalloporphrins and its substituted forms. In Sec. 2, we briefly review the theory of Vibron model of vibrations of polyatomic molecules. In Sec. 3, we describe the stretching vibrations of different Metalloporphrins and its substitute forms. Conclusions are presented in Sec. 4.
Theory of Lie algebraic Methods
A general algebraic model of rotation-vibration spectra of molecules was introduced in and applied to the study of triatomic and tetra-atomic [9] molecules. In this model rotations and vibrations are treated simultaneously. For this reason, it becomes impractical when the number of atoms exceeds four. However, if rotations and vibrations are separated, it is possible to construct a simpler version of the Vibron model, which can be used for vibrational analysis of large molecules. This model, which we call the one-dimensional Vibron model , starts from the observation that the eigen states of a one-dimensional Schrodinger equation with a Morse potential,
In the algebraic approach, interaction of the type can be taken into account by introducing two terms, called Casimir and Majorana interactions, respectively. If these are added, the total Hamiltonian becomes,
The operators C ij are diagonal, with matrix elements given by
where we have subtracted (relative) the last two terms, since these can be reabsorbed in C i and C j . The operators M ij have both diagonal and non-diagonal matrix elements
The eigen values of Eq (4) can be easily evaluated and provide a description of n coupled anharmonic vibrators. The couplings in Eq (4) are only first order, in the sense that the operators M ij annihilate one quantum of vibration in bond j and create one in bond i (or vice-verse). In the same way in which one can improve the description of each bond by considering higher powers in the C-operators, one can also improve the description of the couplings by considering higher order terms in the M-operators. We have derived explicit formulas for couplings in which two quanta are annihilated and one is created, for example, ! , 2; , 1 , ; ,
and one can generate, in a relatively simple fashion, others, if needed. For applications to the problem described here, these higher order couplings are not needed and we therefore delete them henceforth.
Results and discussions

Sample Vibrational Analysis: Stretching Vibrations of Metalloporphrins and its Isotopomers
As an example of use of the algebraic method we analyze the stretching vibrations of different Metalloporphrins. We number the bonds as shown in figure 1. Each bond, i, is characterized by its Vibron number N i , and parameter A i . The Casimir part of the interbond interactions is characterized by parameter A ij . For the Majorana part we can have, the view of symmetry of the molecule, two possible types of couplings.
One can thus describes all stretching vibrations of Ni (OEP)-15 N, Ni (OEP)-meso-d 4 , Ni (OEP)methylene-d 16 in terms of five parameters (N, A, A , , ) as shown in Table. 1.The Vibron numbers N can be taken from the known anharmonicities of the free C-H or C-C bonds using Eq (3). The data used to determine the parameters are shown in Table 2 . (b) All values in cm -1 except N, which is dimensionless.
We have used in these tables Wilson numbering for the spices of stretching vibrations. It would be very interesting to see whether or not our calculations predict states at the correct. We have explicit calculations up to the fourth overtone (energy up to 15000 cm -1 ) as shown in Table 3 & Table 4 .
Table3.
Comparisons between the experimental and Calculated fundamental vibrational frequencies of C 60 & C 70 (Cm -1 ). When the quantum number increases in a fixed band, the number of energy levels increases rapidly. Usually, the degeneracy or quantidegeneracy of energy levels is called clustering. It may be seen from in Figs. 2, 3,4,5,6 & 7, which the vibrational energy levels of Porphyrins and its Isotopomers make up clusters at excited states.
Conclusions
We have presented here a vibrational analysis of the stretching/bending modes of Bio molecules (i.e Nickel Porphyrins) and Nano molecules (Fullerenes C60, C70) in terms of one-dimensional Vibron model i.e U(2) algebraic model. The Nano-molecules C 60 and C 70 are I h and D 5h point group symmetry respectively.
In this study the vibrational frequencies of Nano molecules C60 and C70 for 7 vibrational bands, we obtain the RMS deviation i.e Δ(r.m.s) = 78.0888 cm -1 , 68.243cm -1 , and the locality parameters are ξ 1 = 0.0124, ξ 2 = 0.0097 respectively. Using improved set of algebraic parameters, the RMS deviation we reported in this study for Bio and Nano molecule is lying near about the experimental accuracy. Using only four algebraic parameters, the RMS deviation we reported in this study for Nano molecule are better fit.
The above two points confirm that in four parameters fit, the set of algebraic parameters we reported in this study of local to normal transition provide the best fit to the spectra of Nano molecules. We hope that this work will be stimulate further research in analysis of vibrational spectra of other Nano molecules like fullerenes and protein molecules where the algebraic approach has not been applied so far. The research work concern is in progress in case of complex Nano systems.
